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(57) ABSTRACT 

A magnetic thin ?lm element is provided With a magnetore 
sistive ?lm including a ?rst magnetic layer composed of a 
perpendicular magnetization ?lm, a second magnetic layer 
composed of a perpendicular magnetization ?lm having a 
higher coercive force than that of the ?rst magnetic layer, 
and a nonmagenetic layer interposed betWeen the ?rst mag 
netic layer and the second magnetic layer. The resistance of 
the magnetoresistive ?lm varies depending on Whether or 
not the magnetic spins of the ?rst magnetic layer and the 
second magnetic layer are in the same direction. 

1 Claim, 8 Drawing Sheets 
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MAGNETIC THIN FILM ELEMENT, 
MEMORY ELEMENT USING THE SAME, 
AND METHOD FOR RECORDING AND 
REPRODUCING USING THE MEMORY 

ELEMENT 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is a divisional of application Ser. No. 
09/794,499, ?led Feb. 28, 2001, now US. Pat. No. 6,654, 
279 Which is a divisional of application Ser. No. 09/236,356, 
?led Jan. 25, 1999, now US. Pat. No. 6,219,275. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a magnetic thin ?lm 

element making use of a giant magnetoresistive (GMR) 
effect, a memory element using the magnetic thin ?lm 
element, and a method for recording and reproducing using 
the memory element. 

2. Description of the Related Art 
Although a magnetic thin ?lm memory is a solid-state 

memory With no active part as is the case of a semiconductor 
memory, in the magnetic thin ?lm memory, information is 
not lost even if a poWer supply is cut off, Writing is enabled 
repeatedly up to an unlimited number of times, and there is 
no danger that the memory content may vanish With eXpo 
sure to radiation, Which are advantages in comparison With 
the semiconductor memory. In particular, recently, a thin 
?lm magnetic memory using the giant magnetoresistive 
(GMR) effect is receiving attention because of a larger 
output in comparison With a conventional thin ?lm magnetic 
memory using an anisotropic magnetoresistive effect. 

For example, in the Journal of the Japan Society of 
Applied Magnetics (Vol. 20, R22, 1996), a solid-state 
memory is disclosed, in Which a memory element is fabri 
cated by depositing a plurality of times a structure including 
a hard magnetic layer (HM), a nonmagnetic layer (NM), a 
soft magnetic layer (SM), and a nonmagnetic layer (NM). 

FIG. 1 is a schematic sectional vieW shoWing a structure 
of such a solid-state memory. In the draWing, numeral 1 
represents a hard magnetic layer, numeral 2 represents a 
nonmagnetic layer, and numeral 3 represents a soft magnetic 
layer. In this solid-state memory, a sense line 4 is provided 
on both sides the magnetic ?lm, and a Word line 5 is 
provided, and is isolated from the sense line 4 by an 
insulating layer 6. An electric current is applied to the Word 
lines 5 and the sense line 4, and information is Written means 
of the magnetic ?eld generated as a result. 

Speci?cally, as shoWn in FIGS. 2A through 2D, by 
applying an electric current to the Word line 5, a magnetic 
?eld is generated in a different direction in response to the 
direction of electric current represented by numeral 7. The 
magnetiZation of the hard magnetic layer 1 is reversed by the 
magnetic ?eld to record a memory in a state of “0” or “1”. 
In FIGS. 2A and 2C, the horiZontal aXis represents time T 
and the vertical aXis represents electric current I. In FIGS. 
2B and 2D, the same members as those in FIG. 1 are 
represented by the same numeral as in FIG. 1, and detailed 
descriptions Will be omitted. 

For eXample, by applying a positive current, as shoWn in 
FIG. 2A, to produce a rightWard magnetic ?eld, a memory 
state of “1” is recorded as shoWn in FIB. 2B. Also, by 
applying a negative current, as shoWn in FIG. 2C, to produce 
a leftWard magnetic ?eld, a memory state of “0” is recorded 
as shoWn in FIG. 2D. 
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2 
In order to read information, as shoWn in FIGS. 3A 

through 3E, an electric current 7 that is smaller than the 
recording current is applied to the Word line 5 to reverse the 
magnetiZation of the soft magnetic layer 3 only, and a 
resulting change in resistance is detected. 

In FIG. 3A, the horiZontal aXis represents time T and the 
vertical aXis represents electric current I. Also, in FIGS. 3B 
through 3E, the same members as those in FIG. 1 are 
represented by the same numeral as in FIG. 1, and detailed 
descriptions Will be omitted. 
When the giant magnetoresistive effect is used, resistance 

varies depending on Whether the magnetiZations of the soft 
magnetic layer SM and the hard magnetic layer HM are 
parallel or antiparallel. Thus, a memory in a state of “1” can 
be discriminated from a memory in a state of “0” in response 
to the change in resistance. For eXample, as shoWn in FIG. 
3A, When a current is applied as a positive pulse and then a 
negative pulse, the magnetiZation of the soft magnetic layer 
3 changes from rightWard to leftWard, and With respect to the 
memory in a state of “1”, a small resistance as shoWn in FIG. 
3B is replaced by a large resistance as shoWn in FIG. 3C. On 
the other hand, With respect to the memory in a state of “0”, 
a large resistance as shoWn in FIG. 3D is replaced by a small 
resistance as shoWn in FIG. 3E. By detecting the change in 
resistance as described above, information recorded in the 
hard magnetic layer HM can be read regardless of the 
magnetiZation condition of the soft magnetic layer SM after 
recording. 

In the conventional magnetic thin-?lm memory having 
the structure described above, hoWever, as the area of the 
memory cell decreases, a demagnetiZing ?eld (self 
demagnetiZing ?eld) generated in the magnetic layer 
increases so as to not be negligible, and the magnetiZation 
direction of the magnetic layer that stores records is no 
longer ?Xed in one direction, resulting in instability. 
Therefore, in the conventional magnetic thin-?lm memory, 
the re?nement (reduction in siZe) of a on-bit cell and the 
stable storage of information are incompatible, and high 
integration is impossible. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to solve the 
problems in the conventional art described above and to 
provide a magnetic thin ?lm element in Which instability of 
the magnetiZation can be prevented even if the element is 
?nely structured (very small). 

It is another object of the present invention to provide a 
memory element Which stores information With high stabil 
ity and can be highly integrated. 

In order to achieve the ?rst object of the present invention, 
in one aspect, a magnetic thin ?lm element is provided With 
a magnetoresistive ?lm Which includes a ?rst magnetic layer 
composed of a perpendicular magnetiZation ?lm, a second 
magnetic layer composed of a perpendicular magnetiZation 
?lm having a higher coercive force than that of the ?rst 
magnetic layer, and a nonmagnetic layer interposed betWeen 
the ?rst magnetic layer and the second magnetic layer. The 
resistance of the magnetoresistive ?lm varies depending on 
Whether or not the magnetic spins of the ?rst magnetic layer 
and the second magnetic layer are in the same direction. 

In the magnetic thin ?lm element, the nonmagnetic layer 
may be composed of a good conductor or an insulator. 

In order to achieve the second object of the present 
invention, in another aspect, a memory element includes the 
magnetic thin ?lm element described above and at least one 
Write line composed of a good conductor provided in the 
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vicinity of the magnetoresistive ?lm of the magnetic thin 
?lm element With an insulator therebetWeen. 

In the memory element described above, a plurality of 
Write lines may be provided on the sides of the magnetore 
sistive ?lm. In the memory element, information may be 
retained in response to the direction of the magnetic spin of 
the ?rst magnetic layer, and the direction of the magnetic 
spin of the second magnetic layer may alWays be maintained 
in the same direction. Alternatively, information may be 
retained in response to the direction of the magnetic spin of 
the second magnetic layer. 

In still another aspect, a magnetic thin ?lm memory, in 
accordance With the present invention, includes a plurality 
of memory elements described above arrayed in a matrix on 
a substrate, and a magnetoresistive ?lm of each memory 
element is electrically connected to a semiconductor device 
composed of a ?eld effect transistor or a diode. 

In a further aspect, a method for recording using the 
memory element, in accordance With the present invention, 
includes applying an electric current to the Write line, ?xing 
a direction of the magnetic spin of the ?rst magnetic layer by 
means of a magnetic ?eld generated by the electric current, 
and changing the direction of the electric current to be 
applied to the Write line to record a memory state of “0” or 
“1”. 

In a still further aspect, a method for reproducing using 
the memory element, in accordance With the present 
invention, includes detecting resistance of the magnetore 
sistive ?lm to reproduce information recorded as the direc 
tion of the magnetic spin in the ?rst magnetic layer. 

In a yet further aspect, a method for recording using the 
memory element, in accordance With the present invention, 
includes applying an electric current to the Write line, ?xing 
a direction of the magnetic spin of the second magnetic layer 
by means of a magnetic ?eld generated by the electric 
current, and changing the direction of the electric current to 
be applied to the Write line to record a memory state of “0” 
or “1”. 

In a yet further aspect, a method for reproducing using the 
memory element, in accordance With the present invention, 
includes applying an electric current to the Write line, and 
using a change in resistance resulting from the reversal of 
the magnetic spin of the ?rst magnetic layer caused by a 
magnetic ?eld generated by the electric current to reproduce 
information recorded in the second magnetic layer. 

Further objects, features and advantages of the present 
invention Will become apparent from the folloWing descrip 
tion of the preferred embodiments With reference to the 
attached draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic sectional vieW shoWing a structure 
of a conventional magnetic thin ?lm memory element; 

FIGS. 2A through 2D are diagrams Which illustrate the 
recording of information in a conventional magnetic thin 
?lm memory element; 

FIGS. 3A through 3E are diagrams Which illustrate the 
reproducing of information in a conventional magnetic thin 
?lm memory element; 

FIGS. 4A and 4B are schematic sectional vieWs shoWing 
a structure of a magnetic thin ?lm element in accordance 
With the present invention; 

FIGS. 5A and 5B are diagrams Which illustrate the 
magnetiZation of a magnetic thin ?lm element in accordance 
With the present invention; 
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4 
FIG. 6 is a schematic sectional vieW shoWing a structure 

of a memory element in accordance With the present 
invention, in Which the magnetic thin ?lm element shoWn in 
FIGS. 4A and 4B is used; 

FIG. 7 is a schematic sectional vieW shoWing another 
structure of a memory element in accordance With the 
present invention, in Which the magnetic thin ?lm element 
shoWn in FIGS. 4A and 4B is used; 

FIGS. 8A through 8D are diagrams Which illustrate the 
magnetiZation of a memory element in accordance With the 
present invention; 

FIG. 9 is a schematic sectional vieW of a memory cell 
using a memory element in accordance With the present 
invention; and 

FIG. 10 is a schematic sectional vieW of another memory 
cell using a memory element in accordance With the present 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention Will be described in detail With 
reference to the draWings. 

Embodiment 1 

FIGS. 4A and 4B are schematic sectional vieWs shoWing 
a structure of a magnetic thin ?lm element in accordance 
With the present invention. Numeral 11 represents a ?rst 
magnetic layer composed of a perpendicular magnetiZation 
?lm, numeral 12 represents a second magnetic layer com 
posed of a perpendicular magnetiZation ?lm having a higher 
coercive force at room temperature in comparison With the 
?rst magnetic layer 11, and numeral 13 represents a non 
magnetic layer. The ?rst magnetic layer 11 is deposited on 
the second magnetic layer 12 With the nonmagnetic layer 13 
therebetWeen. The arroWs represent magnetiZation direction, 
in particular, a direction of the spin constituting the mag 
netiZation. In FIG. 4A, the magnetic spin directions of the 
?rst magnetic layer 11 and the second magnetic layer 12 are 
parallel, and in FIG. 4B, they are antiparallel. 

Materials for the ?rst magnetic layer 11 and the second 
magnetic layer 12 include magnetic materials exhibiting 
perpendicular magnetiZation such as a ferrimagnetic ?lm 
that is an alloy of a rare earth element and a transition 
element of the iron group (RE/T M), a garnet ?lm that is an 
oxide magnetic ?lm, an arti?cial lattice ?lm of a rare earth 
element and a transition metal of the iron group (RE/T M), 
PtCo, and PdCo. 
As a RE-TM material, GdFe, GdFeCo, TbFe, TbFeCo, 

DyFe, DyFeCo, or the like is preferably used because of an 
easy exhibition of perpendicular magnetiZation. Among the 
magnetic ?lms mentioned above, GdFe or GdFeCo is more 
preferable as a material for the ?rst magnetic layer 11 
because its coercive force can be decreased. Although, as a 
material for the second magnetic layer 12, TbFe, TbFeCo, 
DyFe, DyFeCo, or the like is preferably used because its 
coercive force can be increased, When the reversal of coer 
cive force can be increased, When the reversal of magneti 
Zation is caused by a magnetic ?eld generated by an electric 
current, the required electric current value may be exces 
sively large because of the excessively high coercive force 
in those materials, and thus, by using GdFe, GdFeCo, or the 
like, the composition is adjusted so that the second magnetic 
layer 12 has a larger coercive force than that of the ?rst 
magnetic layer 11. 

In the magnetic thin ?lm element of the present invention, 
resistance varies depending on Whether the spin directions of 
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the ?rst magnetic layer 11 and the second magnetic layer 12 
are parallel or antiparallel. For example, as shoWn in FIG. 
4A, When the directions of the spins of the ?rst magnetic 
layer i1 and the second magnetic layer. 12 are parallel, 
resistance is loW, and as shoWn in FIG. 4B, When the spin 
directions of the ?rst magnetic layer 11 and the second 
magnetic layer 12 are antiparallel, resistance is high. 

Further description Will be made With reference to FIGS. 
5A and 5B, using a RE-TM material. In FIGS. 5A and 5B, 
the same members as those in FIGS. 4A and 4B are 
represented by the same numerals as in FIGS. 4A and 4B, 
and detailed n descriptions Will be omitted. 

In FIGS. 5A and 5B the outlined arroWs represent a net 
magnetiZation direction RM, Which corresponds to a differ 
ence in magnetiZation betWeen a rare earth element and an 
element of the iron group, and the black arroWs represent a 
magnetiZation direction IM of a transition element of the 
iron group. When the magnetic ?lm is a ferrimagnetic ?lm 
composed of a rare earth element and a transition element of 
the iron group, the sub-lattice magnetiZations of the indi 
vidual elements are antiparallel. The magnetiZation of the 
rare earth element is caused by 4f electrons. HoWever, since 
the 4f electrons are deep Within an inner shell, they do not 
greatly contribute to electric conductivity. On the other 
hand, some of the 3d electrons Which contribute to the 
magnetiZation of the transition element of the iron group are 
conduction electrons because they are near an outer shell. 
Therefore, magneto-resistance depending on a difference in 
spin direction is more easily in?uenced by the spin of the 
transition element of the iron group. Accordingly, the spin 
direction caused by magneto-resistance depends on the spin 
direction of the element of the iron group. For example, as 
shoWn in FIG. 5A, When the magnetic moment of the 
element of the iron group of the ?rst magnetic layer 11 is 
parallel to that of the second magnetic layer 12, resistance is 
small, and as shoWn in FIG. 5B, When antiparallel, resis 
tance is large. 

Although, in FIGS. 5A and 5B, the transition element of 
the iron-group-rich (TM-rich) structure is used, in Which the 
net magnetiZations of the individual magnetic layers and the 
magnetiZation of the element of the iron group are in the 
same direction, other structures may be used, for example, 
a structure in Which the ?rst magnetic layer 11 is rare-earth 
element-rich (RE-rich) and the second magnetic n layer 12 
is TM rich, or vice versa. 

Since the magnetic thin ?lm element in the present 
invention is composed of a perpendicular magnetiZation 
?lm, in comparison With an element composed of an 
in-plane magnetiZation ?lm, there is a large difference in 
stability of the magnetiZation When the element is ?nely 
structured. Speci?cally, When an element is composed of a 
knoWn magnetoresistive ?lm such as NiFe/Cu/Co, an 
amount of saturation magnetiZation is approximately 800 
emu/cc or more, and if the Width of the element is in the 
submicron range, a demagnetiZing ?eld increases because 
magnetic poles on the ends of the ?lm move closer to one 
another, and thus, the spins rotate at the ?lm ends and are 
aligned parallel to the ends. On the contrary, in a perpen 
dicular magnetiZation ?lm, the amount of demagnetiZing 
energy is smaller than a P perpendicular magnetic anisotropy 
constant, and therefore, the amount of saturation magneti 
Zation is suppressed at approximately 300 emu/cc or less at 
the maximum. Even if the Width of the element is decreased, 
the magnetic poles on the “ends” of the ?lm do not move 
closer to one another, and the demagnetiZing ?eld does not 
increase. Accordingly, even at a submicron Width, magne 
tiZation can be maintained sufficiently stably. Therefore, 
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When the element is used for a,memory element, the inte 
gration can be signi?cantly enhanced. 

Embodiment 2 

A magnetic thin ?lm element of this embodiment has the 
structure shoWn in FIGS. 4A and 4B, and a nonmagnetic 
layer 13 interposed betWeen a ?rst magnetic layer 11 and a 
second magnetic layer 12 is composed of a good conductor. 
This element is hereinafter referred to as a spin scattering 
element. A good conductor preferably has higher conduc 
tivity than that of the ?rst magnetic layer 11 or the second 
magnetic layer 12, and, for example, Cu may be used. 

Since a good conductor having Cu as a major constituent 
has its Fermi energy close to that of the magnetic layer and 
has good adhesion, resistance easily occurs at the interface 
When the magnetiZation direction changes, and thus a large 
magneto-resistance ratio can be obtained. Also, preferably, 
the nonmagnetic layer has a thickness of 5 A to 60 

Preferably, by providing a magnetic layer having Co as a 
major constituent, betWeen the ?rst magnetic layer 11 and 
the nonmagnetic layer 13, or betWeen the second magnetic 
layer 12 and the nonmagnetic layer 13, or both betWeen the 
?rst magnetic layer 11 and the nonmagnetic layer 13 and 
betWeen the second magnetic layer 12 and the nonmagnetic 
layer 13, a magneto-resistance ratio is increased, resulting in 
a higher S/N ratio. In such a case, the layer having Co asoa 
major constituent preferably has a thickness of 5 A to 20 A. 

The thickness of the ?rst magnetic layer 11 must be set so 
that a giant magnetoresistive effect is ef?ciently produced. 
Speci?cally, if the thickness of the ?rst magnetic layer 11 
greatly exceeds a mean free path of electrons, the effect 
decreases because of phonon scattering, and thus the thick 
ness is preferably 200 A or less, and more preferably 150 A 
or less. HoWever, if the ?rst magnetic layer 11 is excessively 
thin, resistance of the cell decreases, resulting in a decrease 
in output of playback signals as Well as dif?culty in retaining 
the magnetiZation, Therefore, the thickness of the ?rst 
magnetic layer 11 is preferably 20 A or more, and more 
preferably 80 A or more. 

Since the thickness of the second magnetic layer 12 is set 
so that a giant magnetoresistive effect is ef?ciently 
produced, the same as the ?rst magnetic layer 11, the 
thickness is preferably 200 A or less, and more preferably 
150 A or less. HoWever, if the thickness is excessively small, 
resistance of the cell decreases, resulting in a decrease in 
output of playback signals as Well as difficulty in retaining 
the magnetiZation. Therefore, the thickness of the second 
magnetic layer 12 is preferably 20 A or more, and more 
preferably 80 A or more. 

In order to improve a S/N ratio, a unit including a ?rst 
magnetic layer, a nonmagnetic layer, a second magnetic 
layer and a nonmagnetic layer may be deposited a plurality 
of times. As the number of units to be deposited increases, 
a magneto-resistance ratio increases, Which is preferable. 
HoWever, if the number is excessively large, the thickness of 
the magnetoresistive ?lm increases and a large volume of 
electric current is required. Therefore, the number of units to 
be deposited is preferably 40 or less, and more preferably 
approximately 3 to 20. 

Embodiment 3 

A magnetic thin ?lm element of this embodiment has the 
structure shoWn in FIGS. 4A and 4B, and a nonmagnetic 
layer 13 interposed betWeen a ?rst magnetic layer 11 and a 
second magnetic layer 12 is composed of an insulator, and 
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thus a spin-tunnel ?lm is formed. When an electric current 
is applied perpendicular to the ?lm surface during 
reproducing, tunneling of electrons from the ?rst magnetic 
layer 11 to the second magnetic layer 12 occurs. 

Since such a spin-tunnel element has a higher magnetore 
sistance ratio in comparison With the spin scattering element 
described above, output signals having a satisfactory S/N 
ratio can be obtained. 

In the spin-tunnel magnetic thin ?lm memory element of 
this embodiment, a ferromagnetic tunnel junction, Which 
includes a ferromagnetic material, an insulator, and a ferro 
magnetic material, is formed. Since conduction electrons of 
the ferromagnetic materials tunnel While maintaining the 
spins, tunnel probability varies depending on the magneti 
Zation condition of both magnetic layers, resulting in a 
change in tunnel resistance. Accordingly, When the magne 
tiZations of the ?rst magnetic layer 11 and the second 
magnetic layer 12 are parallel, resistance is small, and When 
the magnetiZations of the ?rst magnetic layer 11 and the 
second magnetic layer 12 are antiparallel, resistance is large. 
As the difference in density of states betWeen upWard spins 
and doWnWard spins increases, the resistance increases, 
resulting in larger output signals. Thus, a magnetic material 
having high spin polariZability is preferably used for the ?rst 
magnetic layer 11 and the second magnetic layer 12. 
Speci?cally, With respect to the ?rst magnetic layer 11 and 
the second magnetic layer 12, Fe, Which has high polariZ 
ability of upWard and doWnWard spins at the Fermi surface, 
is selected as a major constituent, and Co is selected as a 
second constituent. 

The thickness of the magnetic thin ?lm element of this 
embodiment is preferably from 100 A to 5,000 A.The reason 
for this is that, ?rstly, When an oxide is used as the insulator, 
since magnetism at the interface betWeen the magnetic layer 
and the oxide is Weakened under the in?uence of the oxide, 
the portion With Weakened magnetism dominates in the 
entire ?lm if the thickness is small, resulting in an adverse 
effect on the magnetism of the ?lm. Secondly, When a 
memory element is re?ned to the submicron range, since the 
volumes of the ?rst magnetic layer 11 and the second 
magnetic layer 12 decrease, perpendicular magnetic aniso 
tropic energy decreases, resulting in a decrease in the 
magnetiZation retention function of the individual layers. 
Also, if the thickness is excessively large, resistance of the 
cell increases excessively. Thus, the thickness is preferably 
5,000 A or less, and more preferably, 1,000 A or less. 
As described above, since the magnetic thin ?lm element 

of this embodiment uses the magnetoresistive effect by 
spin-tunneling, the nonmagnetic layer 13 must be an insu 
lating layer so that electrons tunnel While retaining their 
spins. The nonmagnetic layer 13 may be entirely insulating, 
or may be partially insulating. An example in Which an oxide 
layer composed of an oxidiZed nonmagnetic metal ?lm is 
used as the nonmagnetic layer 13 includes an A1203, layer 
formed by oxidiZing a portion of an Al ?lm in air or in a 
vacuum by plasma oxidation. Other examples are aluminum 
nitride (AlNx), silicon oxide (SiOx), silicon nitride (SiNx), 
and nickel oxide (NiOx). Preferably, aluminum oxide 
(AlOx) is used. Also, in order to cause spin-tunneling, an 
appropriate potential barrier is required to the energy of 
conduction electrons of the ?rst and the second magnetic 
layers. The materials mentioned above relatively easily 
produce the barrier, Which is advantageous in production. 

Preferably, the nonmagnetic layer 13 is a uniform layer 
having a thickness of approximately several tens of A, and 
the thickness of its insulating portion has a thickness from 5 
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8 
A to 30 If the thickness is less than 5 A, there is a 
possibility of an electrical short circuit betWeen the ?rst 
magnetic layer 11 and the second magnetic layer 12. If the 
thickness is more than 30 A, tunneling of electrons does not 
easily occur. More preferably, the thickness is 5 A to 25 A, 
and still more preferably, the thickness is 6 A to 18 

Embodiment 4 

One of the applications of a magnetic thin ?lm element in 
accordance With the present invention is an application to a 
memory element, Which records information of “0” or “1” in 
response to the magnetiZation direction, and reads informa 
tion using a difference in resistance. 

FIG. 6 is a schematic sectional vieW shoWing a memory 
element Which uses the magnetic thin ?lm element described 
above. In FIG. 6, the same members as those in FIGS. 4A 
and 4B are represented by the same numerals as in FIGS. 4A 
and 4B, and detailed descriptions Will be omitted. Numeral 
14 represents the magnetic thin ?lm element shoWn in FIGS. 
4A and 4B, numeral 15 represents a Write line composed of 
a good conductor, and numeral 16 represents a magnetic 
?eld generated by applying an electric current to the Write 
line 15. 

In the memory element of this embodiment, magnetiZa 
tion information “0” or “1” is recorded in response to the 
spin direction, i.e., upWard or doWnWard, of either the ?rst 
magnetic layer 11 or the second magnetic layer 12. Whether 
information is stored in the ?rst magnetic layer 11 or in the 
second magnetic layer 12 depends on a structure of the 
element Which Will be described beloW. In the memory 
element of this embodiment, recording is performed by 
applying an electric current to the Write line 15 placed in the 
vicinity of the ?rst and second magnetic layers 11 and 12, 
and reversing the magnetiZation of the ?rst magnetic layer 
11 or the second magnetic layer 12 by means of the magnetic 
?eld 16 generated. Although, in FIG. 6, an electric current is 
applied toWard (into) the draWing, if the electric current is 
applied in the reverse direction, a reversed magnetic ?eld is 
generated and the direction of the spin can be reversed. 
Whether information is recorded in the ?rst magnetic layer 
11 or in the second magnetic layer 12 depends on a medium 
type as described beloW. An insulating ?lm (not shoWn in the 
draWing) is provided betWeen the Write line 15 and the 
magnetoresistive ?lm 14. The insulating ?lm is provided in 
order to prevent the Write line 15 and the magnetoresistive 
?lm 14 from being electrically connected to each other. The 
deterioration of playback signals caused by the leakage of an 
electric current applied to the, magnetic thin ?lm element to 
the Write line 15 can thus be prevented. 
The magnetoresistive ?lm 14 exhibits loW resistance 

When the spin of the ?rst magnetic layer 11 and the spin of 
the second magnetic layer 12 are parallel, and exhibits high 
resistance When they are antiparallel. Therefore, digital 
information recorded can be detected by detecting the resis 
tance of the magnetoresistive ?lm, or a change in the 
resistance, as described beloW. 
The Write line 15 is set so that a magnetic ?eld is 

generated perpendicular to the magnetoresistive ?lm 14 by 
applying an electric current. For that purpose, the Write line 
15 is preferably placed so that an electric current is applied 
parallel to the ?lm surface. Also, When the space betWeen the 
Write line 15 and the magnetoresistive ?lm 14 is large, a 
suf?cient magnetic ?eld cannot be applied, and When the 
space is too narroW, a dielectric breakdoWn may occur, or a 
tunnel current may ?oW. Accordingly, the space is at least 
from 10 A to 1 pm, and preferably, from 50 A to 1,000 
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Embodiment 5 

Amagnetic thin ?lm memory element of this embodiment 
has the structure shoWn in FIG. 6, and includes a memory 
layer (?rst magnetic layer 11), a nonmagnetic layer 13, and 
a pinned layer (second magnetic layer 12). In the magnetic 
thin ?lm memory element, the ?rst magnetic layer 11 is a 
memory layer for storing magnetic information, and the 
second magnetic layer 12 is a pinned layer in Which the 
magnetiZation is alWays aligned in a predetermined direction 
in any state (i.e., storing, recording, and reproducing). A 
method of recording Will be described With reference to 
FIGS. 4A and 4B. Data of “0” and “1” are set to correspond 
to upWard magnetiZation of the ?rst magnetic layer 11 (FIG. 
4A) and doWnWard magnetiZation (FIG. 4B), respectively. 
As described above, for recording, the magnetiZation of the 
?rst magnetic layer 11 is reversed by a magnetic ?eld 
generated by an electric current applied to a Write line 15. In 
such a manner, since resistance is loW in a state of “0” and 
resistance is high in a state of “1”, during reproducing, 
information can be detected from the absolute value of 
resistence, Without reversing the magnetiZation of the mag 
netic layer. Therefore, the reversal of the magnetiZation is 
not required to detect a change in resistance during 
reproducing, and reproducing can be performed quickly and 
With loW current consumption. 

Although the spin direction of the second magnetic layer 
12 is upWard in the above description, it may be doWnWard. 
Also, data of “0” and “1” may be set to correspond to 
doWnWard magnetiZation of the ?rst magnetic layer 11 and 
upWard magnetiZation, respectively. 

Although, as magnetic materials for the ?rst magnetic 
layer 11 and the second magnetic layer 12, the RE-TM 
materials described above may be used, With respect to the 
second magnetic layer 12 as the pinned layer, TbFe, 
TbFeCo, DyFe, DyFeCo, or the like having a high coercive 
force is preferably used. Additionally, providing an anti 
ferromagnetic material such as FeMn, IrMn, or NiO on the 
second magnetic layer 12 on the side opposite to the 
interface With the nonmagnetic layer Will increase the coer 
cive force of the second magnetic layer 12. 

If the coercive force of the ?rst magnetic layer 11 is too 
loW, memory characteristics deteriorate, and if it is too high, 
recording current increases. Accordingly, the coercive force 
of the ?rst magnetic layer 11 is preferably from 5 Oe to 50 
Oe. If the coercive force of the second magnetic layer 12 is 
too loW, there is a possibility of reversal of the magnetiZation 
during recording and reproducing, and if it is too high, it is 
dif?cult to perform initialiZation in Which the spin is aligned 
in one direction. Accordingly, the coercive force of the 
second magnetic layer 12 is preferably from 20 Oe to 20 
kOe. Also, the coercive force of the ?rst magnetic layer 11 
is preferably set at approximately half of that of the second 
magnetic layer 12. 

Embodiment 6 

Amagnetic thin ?lm memory element of this embodiment 
has the structure shoWn in FIG. 6, and includes a detection 
layer (?rst magnetic layer 11), a nonmagnetic layer 13, and 
a memory layer (second magnetic layer 12). In the magnetic 
thin ?lm memory element, the second magnetic layer 12 is 
a memory layer for storing magnetic information, and the 
?rst magnetic layer 11 having a small coercive force is 
provided for reading the magnetic information stored in the 
second magnetic layer 12 using a magnetoresistive effect. 
FIGS. 8A through 8D illustrate the magnetiZation of such a 
magnetic thin ?lm memory element during recording and 
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10 
reproducing. In FIGS. 8A through 8D, the same members as 
those in FIGS. 4A and 4B are represented by the same 
numerals as in FIGS. 4A and 4H, and detailed descriptions 
Will be omitted. The arroWs represent the direction of the 
magnetic spin of the individual magnetic layers. 

In this embodiment, data of “0” and “1” are set to 
correspond to upWard magnetiZation of the second magnetic 
layer 12 (FIG. 8A) and doWnWard magnetiZation (FIG. 8B), 
respectively. For recording, the magnetiZation of the second 
magnetic layer 12 is reversed by a magnetic ?eld generated 
by recording current. 

For reproducing, an electric current Which is Weaker than 
that during recording is applied to a Write line, or, as 
described beloW, an electric current is applied to only one of 
tWo Write lines provided, to generate a magnetic ?eld Which 
is smaller than that during recording, and the magnetiZation 
of the detection layer, only, is reversed, Without reversing the 
magnetiZation of the memory layer. For example, When “0” 
is recorded, the magnetiZation is changed from a state shoWn 
in FIG. 8A to a state shoWn in FIG. 8C, or the reverse. When 
“1” is recorded, the magnetiZation is changed from a state 
shoWn in FIG. SE to a state shoWn in FIG. 8D, or in reverse. 
Resistance changes from loW to high in the case of “0”, and 
changes from high to loW in the case of “1”. Thus, recorded 
information can be detected by a change in resistance. In this 
method, even a minute change in signals can be detected 
using differential detection or the like, in comparison With 
the method of detecting the absolute value of resistance, and 
thus, reproducing can be performed With high detectivity. 

Additionally, data of “0” and “1” may be set to correspond 
to doWnWard magnetiZation of the second magnetic layer 12 
and upWard magnetiZation, respectively. 

Although, as :magnetic materials for the ?rst magnetic 
layer 11 and the second magnetic layer 12, the RE-TM 
materials described above may be used, since the magneti 
Zation of both layers is reversed during recording and 
reproducing, GdFe, GdFeCo, or the like having a loWer 
coercive force is preferably used. 

If the coercive force of the ?rst magnetic layer 11 is too 
loW, playback signals deteriorate, and if it is too high, 
regenerative current increases. Accordingly, the coercive 
force of the ?rst magnetic layer 11 is preferably from 2 Oe 
to 20 Oe. If the coercive force of the second magnetic layer 
12 is too loW, memory characteristics deteriorate, and if it is 
too high, recording current increases. Accordingly, the coer 
cive force of the second magnetic layer 12 is preferably from 
5 Oe to 50 Oe. Also, the coercive force of the ?rst magnetic 
layer 11 is preferably set at approximately half of that of the 
second magnetic layer 12. 

Embodiment 7 

If tWo or more Write lines are placed in the vicinity of a 
magnetoresistive ?lm 14 as shoWn in FIG. 7, magnetic ?elds 
generated by the individual Write lines are added, enabling 
the generation of a larger magnetic ?eld. In FIG. 7, numeral 
14 represents the magnetic thin ?lm element shoWn in FIGS. 
4A and 4B, numerals 17 and 18 are Write lines composed of 
a good conductor, and numerals 19 and 20 are magnetic 
?elds generated by applying an electric current to the Write 
lines 17 and 18, respectively. 

In the structure including a detection layer (?rst magnetic 
layer 11), a nonmagnetic layer 13, and a memory layer 
(second magnetic layer 12), a Weaker magnetic ?eld is 
generated during reproducing in comparison With during 
recording. Therefore, by applying an electric current to one 
Write line during reproducing and by applying an electric 
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current to tWo Write lines during recording, a current margin 
betWeen reproducing and recording can be increased, result 
ing in the stable operation With no recording errors during 
reproducing. 

Embodiment 8 

When one memory chip has a capacity of several hun 
dreds of megabytes or several gigabytes, a plurality of 
one-bit memory cells including magnetic thin ?lm elements 
in accordance With the present invention are arrayed in a 
matrix to constitute the entire memory. In such a case, since 
reading is performed independently for each cell, if a Write 
line and a selector transistor are provided on each cell, 
integration decreases. Thus, a common Write line is prefer 
ably provided on a plurality of cells. 

HoWever, in such a structure, When an electric current is 
applied to the Write line, a magnetic ?eld is applied to a 
plurality of memory cells at the same time. Therefore, it is 
required to make a structure in Which the magnetiZation of 
one memory cell, only, can be reversed, for example, by 
applying an electric current to the memory cell to be 
recorded. For that purpose, an active element such as a ?eld 
effect transistor may be used for applying an electric current 
independently to a memory cell during reproducing. Thus, 
an electric current can be applied selectively to one memory 
cell among many memory cells in the vicinity of the Write 
line. Since the electric current path can be the same as that 
used for reproducing and is perpendicular to an electric 
current applied to the Write line, the magnetic ?eld generated 
by the electric current is perpendicular to the magnetic ?eld 
generated by the Write line, and thus, the memory cell 
selected by the active element has applied to it, a larger 
resultant magnetic ?eld in comparison With other memory 
cells, resulting in reversal of magnetiZation. 

FIGS. 9 and 10 illustrate such memory cells in Which one 
end of a magnetic thin ?lm element is connected to a 
transistor and the other end is connected to a source voltage 
VDD. In FIG. 9, numeral 21 represents a magnetic thin ?lm 
element, numerals 22 and 23 represent Write lines, numeral 
24 represents a transistor, and numeral 25 represents a 
control gate. In FIG. 10, numeral 31 represents a magnetic 
thin ?lm element, numerals 32 and 33 represent Write lines, 
numeral 34 represents a transistor, and numeral 35 repre 
sents a control gate. Although not shoWn in FIG. 9 or 10, a 
read line composed of a good conductor is connected to the 
end of the magnetoresistive ?lm 21 or 31, and a sense circuit 
or the like is connected so that a change in resistance can be 
detected. Write lines 22, 23, 32, and 33 are provided in the 
vicinity of the magnetoresistive ?lms 21 and 31 With an 
insulator composed of SiO2, SiNX or the like therebetWeen. 
The Write lines are placed perpendicular to the draWing and 
are used for Writing to other memory cells (not shoWn in the 
draWing). The reproducing electric current path is horiZontal 
in FIG. 9, and vertical in FIG. 10. In the spin-tunnel element, 
the structure as shoWn in FIG. 10 is adopted. Although, in 
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the spin scattering element, either structure may be adopted, 
preferably the structure as shoWn in FIG. 9, in Which the 
electric current is applied horiZontally, is used since the 
absolute value of resistance decreases in the structure as 
shoWn in FIG. 10 in Which the electric current is applied 
perpendicular to the ?lm surface. 

Also, With respect to the structure including a detection 
layer (?rst magnetic layer), a nonmagnetic layer, and a 
memory layer (second magnetic layer), during reproducing, 
the magnetiZation of the detection layer can be reversed by 
applying a magnetic ?eld to the magnetic thin ?lm element 
of a speci?c memory cell in the same manner as during 
recording. Thus, a change in resistance occurs and the 
change is ampli?ed by the sense circuit to be detected. In 
such a manner, information in a speci?c memory cell among 
many memory cells can be read. 

Also, With respect to the structure including a memory 
layer (?rst magnetic layer), a nonmagnetic layer, and a 
pinned layer (second magnetic layer), since the absolute 
value of resistance is detected, the resistance of the element 
selected by the active element is ampli?ed by the sense 
circuit for detection. 

Additionally, the magnetic thin ?lm element and the 
magnetic thin ?lm memory element described in the 
embodiments may be used for a magnetic sensor, or a 
magnetic head of a hard disk or the like. 

While the present invention has been described With 
reference to What are presently considered to be the pre 
ferred embodiments, it is to be understood that the invention 
is not limited to the disclosed embodiments. On the contrary, 
the invention is intended to cover various modi?cations and 
equivalent arrangements included Within the spirit and scope 
of the appended claims. The scope of the folloWing claims 
is to be accorded the broadest interpretation so as to encom 
pass all such modi?cations and equivalent structures and 
functions. 
What is claimed is: 
1. A magnetic memory comprising a magnetoresistive 

?lm comprising: 
a ?rst magnetic layer comprising a perpendicular magne 

tiZation ?lm; 
a second magnetic layer comprising a perpendicular mag 

netiZation ?lm having a higher coercive force than that 
of said ?rst magnetic layer; 

a nonmagnetic layer arranged betWeen said ?rst magnetic 
layer and said second magnetic layer; 

a sWitch element connected to said ?rst magnetic layer or 
said second magnetic layer; 

a plurality of Write lines arranged in parallel to each other 
in the vicinity of the magnetoresistive ?lm; and 

a periphery of the Write lines surrounded by an insulator. 

* * * * * 
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